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Abstract
Background: It is uncertain whether black white differences in the use of percutaneous coronary
intervention (PCI) persist in the era of drug eluting stents. The purpose of this study is to determine
if black veterans with acute myocardial infarction (AMI) are less likely to receive PCI than their
white counterparts.
Methods: This study included 680 black and 3529 white veterans who were admitted to Veterans
Health Administration (VHA) medical centers between July 2003 and August 2004. Information for
this study was collected as part of the VHA External Peer Review Program for quality monitoring
and improvement for a variety of medical conditions and procedures, including AMI. In addition,
Department of Veterans Affairs workload files were used to determine PCI utilization after hospital
discharge. Standard statistical methods including the Chi-square, 2 sample t-test, and logistic
regression with a cluster correction for medical center were used to assess the association
between race and the use of PCI ≤ 30 days from admission.
Results: Black patients were younger, more often had diabetes mellitus, renal disease, or dementia
and less often had lipid disorders, previous coronary artery bypass surgery, or chronic obstructive
pulmonary disease than their white counterparts. Equal proportions of blacks and whites
underwent cardiac catheterization ≤ 30 days after admission, but the former were less likely to
undergo PCI (32% vs. 40%, p < 0.0001). This difference persisted after multivariate adjustment,
although measures of the extent of coronary artery disease were not available.
Conclusion: Given the equivalent use of cardiac catheterization, it is possible that less extensive
or minimal coronary artery disease in black patients could account for the observed difference.
Background
In the past, black veterans hospitalized with acute myocar-
dial infarction (AMI) were less likely to undergo cardiac
revascularization procedures, including percutaneous cor-
onary intervention (PCI), than their white counterparts
[1-7]. These differences in the use of cardiac revasculariza-
tion procedures were observed over 10 years ago in a
health care system where there was and still is equal access
to care. It is uncertain whether these differences in the use
of PCI persist in the era of drug eluting stents. It is possible
that black patients are less likely to be the beneficiaries of
new technology due to receiving care at hospitals with
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lower procedure rates and greater disparity in racial com-
position [8]. On the other hand, the indications for PCI in
the setting of AMI have expanded significantly due to new
technology, and it is possible that this trend has affected
the proportions of black patients undergoing PCI. The
purpose of this study is to determine if in the era of drug
eluting stents, black veterans with AMI are less likely to
receive PCI than their white counterparts.
Methods
Patient population
Between July 20, 2003 and August 19, 2004, there were
6262 veterans who were admitted to Veterans Health
Administration (VHA) medical centers and developed
AMI that was documented by standard electrocardio-
graphic, troponin, and/or other clinical evidence. Not
included in this count were patients who were transferred
into VHA hospitals from other medical facilities, because
important baseline information was not available. Also
excluded were patients who had AMI while hospitalized
for another medical condition.
Information for this study was collected as part of the
VHA External Peer Review Program for quality monitoring
and improvement for a variety of medical conditions and
procedures, including AMI. Patients with International
Classification of Diseases 9th Revision diagnosis codes
410.xx were identified from administrative data housed at
the Austin Automation Center. Working with the peer
review abstraction contractor, West Virginia Medical Insti-
tute, the VHA Office of Quality and Performance gener-
ated a list of patients that was transmitted to VHA facilities
where both paper and electronic medical records were
manually abstracted by trained abstractors using standard
reporting forms. Abstracted data were then entered into a
database maintained by the contractor.
Study variables
We used information from the peer review database and
Department of Veterans Affairs workload files to describe
demographics and personal characteristics, vital status
and cardiac procedure use after hospital discharge [9].
Race/ethnicity was obtained from the medical inpatient
datasets and outpatient care files at Austin and was classi-
fied as 1) Hispanic, 2) Black, 3) White, 4) Other, or 5)
Unknown.
Medical centers were classified according to type of inva-
sive cardiac procedures offered: 1) no cardiac catheteriza-
tion, 2) cardiac catheterization only, 3) PCI, or 4) full
range of procedures including coronary artery bypass graft
surgery. Clinical information such as cardiac medications,
time from symptom onset to hospital admission, initial
heart rate, systolic and diastolic blood pressures, and ini-
tial symptoms were obtained from the medical record.
The initial electrocardiographic diagnosis of ST elevation
myocardial infarction included those with ST elevation ≥
1 millivolt in 2 or more contiguous leads and/or left bun-
dle branch block. The remainder of patients had non-ST
elevation AMI. Both the initial and highest troponin val-
ues were recorded; positive tests were determined accord-
ing to criteria for the particular type of assay used. In both
groups, over 99% of AMIs were confirmed by troponin
elevations.
Cardiac treatments and procedures were recorded as part
of chart abstraction, but workload data from the Austin
Automation Center were also accessed to determine car-
diac procedure use after discharge. For patients who pre-
sented to the hospital with ST segment elevation, PCI
within 12 hours of admission was defined. In addition,
30-day rates of cardiac catheterization, PCI, and coronary
artery bypass surgery were constructed.
Statistical methods
Comparisons between black and white patients were
made with the Chi-square test for categorical variables
and the 2 sample t-test for continuous measures. Logistic
regression was used to further examine the association
between race and the use of PCI performed ≤ 30 days after
admission. We used backward stepwise logistic regression
to select predictors of PCI use. After statistically significant
predictors were selected from candidate variables in tables
1 and 2, the black/white variable was forced in to deter-
mine its association with PCI use. Analyses were run with
and without a cluster correction for medical center.
Ethics and consent
This study was approved for expedited review by the Uni-
versity of Washington Institutional Review Board and was
granted a waiver of informed consent.
Results
From the 6262 individuals in this study, only black (n =
680) or white (n = 3529) patients were included, resulting
in 4209 individuals. Excluded were those of other racial or
ethnic groups (n = 388) or those whose race was unknown
(n = 1665). Race/ethnicity was unknown for over 25% of
individuals. Compared to their white counterparts, black
individuals, who comprised 16% of the study group, were
younger, less often had lipid disorders, previous coronary
artery bypass graft surgery, or chronic obstructive pulmo-
nary disease but more often had diabetes, renal disease, or
dementia (table 1). In addition, black patients lived closer
to VHA medical centers and more often resided in the
South region of the United States. Significantly, a higher
proportion of black veterans smoked in the past year. The
distribution of cardiac medications used prior to admis-
sion was similar in the 2 groups.BMC Health Services Research 2006, 6:107 http://www.biomedcentral.com/1472-6963/6/107
Page 3 of 6
(page number not for citation purposes)
With respect to presenting signs and symptoms, black and
white veterans were similar, except that the former group
had higher systolic and diastolic blood pressures on
admission (table 2). Symptoms were similar in the 2
groups, although black individuals reported less shoulder
pain. ST segment elevation on the initial electrocardio-
gram was present in 16% and 18% (p = 0.10) of black and
white patients, respectively, although the first troponin
assay was more often elevated in black veterans (76% vs.
69%, p = 0.001). The highest troponin reading was ele-
vated in 99% of both groups.
There were distinct differences concerning the type of
admitting hospital as well as the kind of cardiology serv-
ices received. Almost 75% of black patients were admitted
to VHA medical centers with capacity to perform PCI,
compared to only 54% of white veterans. Significantly,
29% of white veterans were admitted to VHA hospitals
without cardiac catheterization laboratories. Consistent
with this result was the finding that white individuals
were more likely to be transferred for PCI than were black
patients (table 3). With respect to cardiology services, over
90% of veterans received them, although 49% of black
individuals had a cardiology attending as compared to
38% of white veterans (p < 0.0001).
Rates of cardiac catheterization performed ≤ 30 days after
admission were similar in the 2 groups as were rates of
PCI performed ≤ 12 hours from admission (table 3).
However, a significantly lower proportion of black veter-
ans received PCI ≤ 30 days after admission (odds ratio =
0.71, 95% confidence interval = 0.60–0.85). Even among
those who underwent cardiac catheterization, the rate of
PCI was still lower in black veterans (48% vs. 59%, p <
Table 1: Baseline demographics, medical histories, and prior cardiac medications by race
Variable Black (n = 680) White (n = 3529) P-value
Mean age (years) 67 ± 13 70 ± 11 <0.0001
Age <0.0001
< 50 9% 3%
50–59 27% 18%
60–64 9% 11%
65–69 8% 11%
70–79 26% 32%
80–89 18% 22%
90+ 2% 2%
Men 99% 98% 0.08
Body mass index 27.0 ± 6.0 28.0 ± 6.0 <0.0001
Miles from home to hospital 22 ± 88 41 ± 116 <0.0001
Geographic region of medical center <0.0001
Northeast 16% 15%
South 52% 43%
Midwest 21% 21%
West 11% 20%
Medical histories
Myocardial infarction 25% 28% 0.14
Lipid disorder 55% 64% <0.0001
Coronary angioplasty 12% 14% 0.14
Coronary artery bypass surgery 10% 24% <0.0001
Congestive heart failure 33% 31% 0.43
Diabetes mellitus 28% 23% 0.004
Renal disease 18% 13% <0.0001
Cerebrovascular disease 9% 8% 0.46
Chronic obstructive pulmonary disease 13% 23% <0.0001
Dementia 19% 15% 0.016
Cancer 10% 10% 0.81
Cigarette smoking in past year 41% 31% <0.0001
Previous medications
Aspirin 48% 49% 0.52
Beta blockers 51% 54% 0.13
Angiotensin converting enzyme inhibitors 50% 47% 0.24
Lipid lowering agents 48% 53% 0.031
Insulin 13% 14% 0.61
Platelet inhibitors 11% 12% 0.20
AMI Acute myocardial infarctionBMC Health Services Research 2006, 6:107 http://www.biomedcentral.com/1472-6963/6/107
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0.0001). After adjusting for history of cerebrovascular dis-
ease, renal disease, chronic obstructive pulmonary dis-
ease, dementia, chest pain on admission, ST elevation on
the admission electrocardiogram, prolonged chest pain,
age, geographic region, and availability of PCI services at
the admitting hospital, black patients had a 21% lower
likelihood of undergoing PCI (odds ratio = 0.79, 95%
confidence interval = 0.71–0.88). The confidence inter-
vals were adjusted for the clustering of patients within
medical centers and were not appreciably different from
the unadjusted ones. The model had adequate discrimina-
tion and calibration as indicated by the area under the
receiver operating characteristic curve (c statistic = 0.75,
95% confidence interval = 0.73–0.76) and statistically
non-significant Hosmer-Lemeshow test (p = 0.50).
Discussion
For many years, race and gender differences in the use of
cardiac revascularization procedures have been noted,
and it appears that they have persisted through time [10].
Similar differences have been noted in VHA, although
gender differences are less relevant given that relatively
few women with AMI are treated in VHA medical centers
[1-7]. In the current study, a higher proportion of black
veterans were younger, had diabetes mellitus, renal dis-
ease, dementia, or elevated blood pressure, although
more white patients had lipid disorders, previous coro-
nary artery bypass surgery, or chronic obstructive pulmo-
nary disease. Significantly, a higher proportion of black
individuals smoked cigarettes in the year prior to admis-
sion.
Even though they were more likely to be admitted to med-
ical centers with interventional capability, black veterans
were less likely to undergo PCI. This was true in both
unadjusted and adjusted analyses. White patients were 2
times more likely to be transferred for PCI, and this
increased the numbers undergoing PCI. Equal propor-
tions of African-Americans underwent emergent or urgent
PCI, and although white veterans more often underwent
bypass surgery, the absolute difference was slightly less
than 4%.
In this study there were no black-white differences regard-
ing the use of cardiac catheterization, although this was
not the case in a previous study conducted in VHA medi-
cal centers [11]. The fact that there were no black-white
differences with respect to use of cardiac catheterization
may provide a possible explanation for the observed dif-
ference with respect to PCI. If results of cardiac catheteri-
zation indicated that black veterans had minimal
coronary artery disease or had lesions that were not ame-
nable to intervention, then the difference could be
explained. Unfortunately, measures of extent of coronary
disease were not collected as part of the records abstrac-
tion. Peniston et al. compared the use of cardiac revascu-
larization procedures in African-American and white
veterans who underwent cardiac catheterization, and did
not find racial differences after adjusting for extent of dis-
ease [7]. Whittle et al. reported that among clinically sim-
ilar black and white veterans undergoing coronary
angiography, black patients were less likely to have
obstructive coronary disease [12].
In addition to the absence of catheterization results,
another limitation of this study was that an undetermined
number of veterans may have received PCI in non VHA
hospitals. With the exception of Medicare data (which
Table 2: Presenting signs and symptoms
Variable Black (n = 680) White (n = 3529) P-value
Time from symptom onset to hospital admission
≤ 1 hour 5% 6% 0.12
1–2 hours 9% 10%
2–6 hours 20% 24%
6–12 hours 13% 13%
12–24 hours 17% 13%
> 24 hours 36% 34%
Heart rate 87 ± 25 87 ± 23 0.75
Systolic blood pressure 143 ± 33 138 ± 31 <0.0001
Diastolic blood pressure 80 ± 20 75 ± 19 <0.0001
Symptoms
Chest pain 56% 58% 0.39
Pressure 17% 18% 0.58
Belching 6% 4% 0.23
Shoulder pain 21% 30% <0.0001
Nausea 22% 18% 0.031
Diaphoresis 14% 17% 0.09
Dyspnea 45% 43% 0.36BMC Health Services Research 2006, 6:107 http://www.biomedcentral.com/1472-6963/6/107
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were not available for this study), these procedures are not
recorded in national databases, and therefore could not
be identified. If a higher proportion of white patients
underwent PCI in non VHA hospitals, then the racial dif-
ference reported in this study may have been underesti-
mated.
Over 25% of veterans were of unknown race. Recently the
means for acquisition of race/ethnicity have changed in
VHA. Race/ethnicity is now reported by the patient rather
than determined by the individual provider or adminis-
trative assistant responsible for entering data into the elec-
tronic medical record. If the question is not asked or if the
patient is not present when data are entered, then race/
ethnicity is unknown.
Among those with unknown race, 43% had PCI within 30
days of admission; these individuals were on average 66
years of age and were less likely to have chronic condi-
tions such as diabetes, congestive heart failure, lung dis-
ease, or cerebrovascular disease. Therefore patients with
unknown race were relatively healthier and underwent
PCI more often than their counterparts with known race.
The problem of unknown race in VHA has been more
apparent in the past several years. Therefore, for younger
patients who did not use VHA health care in the 5 to 10
years prior to their events, race information from that time
was not available to fill in missing information for 2003–
2004. We were reluctant to impute race given the lack of
adequate measures of characteristics highly correlated
with race, such as income and education.
Conclusion
In this era of drug eluting stents and more aggressive treat-
ment for AMI, black-white differences in the use of PCI
persist even in the VHA, where access to procedures is not
based on the ability to pay. However, given the equivalent
use of cardiac catheterization as well as the equivalent use
of PCI within 12 hours of admission, it is possible that
less extensive or minimal coronary artery disease in black
veterans could explain the observed difference.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
CM-Conceived and designed study, performed data anal-
ysis, drafted manuscript.
EL-Acquired data, constructed study database, assisted
with data analysis, revised manuscript critically for impor-
tant intellectual content.
HS-Acquired data, constructed study database, assisted
with data analysis, revised manuscript critically for impor-
tant intellectual content.
AES-Revised manuscript critically for important intellec-
tual content.
SDF-Revised manuscript critically for important intellec-
tual content.
All authors have read and approved the final version of
the paper.
Acknowledgements
This work was supported by a grant from the Department of Veterans 
Affairs Ischemic Heart Disease Quality Enhancement Research Initiative. 
The views expressed in this article are those of the authors and do not nec-
essarily represent the views of the Department of Veterans Affairs.
References
1. Whittle J, Conigliaro J, Good CB, Lofgren RP: Racial differences in
the use of invasive cardiovascular procedures in the Depart-
ment of Veterans Affairs medical system.  N Engl J Med 1993,
329:621-7.
2. Mirvis DM, Burns R, Gaschen L, Clear FT, Graney M: Variations in
utilization of cardiac procedures in the Department of Vet-
erans Affairs health care system: effects of race.  J Am Coll Car-
diol 1994, 74:1297-304.
3. Peterson ED, Wright SM, Daley J, Thibault GE: Racial variation in
cardiac procedure use and survival following acute myocar-
dial infarction in the Department of Veterans Affairs.  JAMA
1994, 271:1175-80.
4. Mickelson JK, Blum CM, Geraci JM: Acute myocardial infarction:
clinical characteristics, management and outcome in a met-
ropolitan Veterans Affairs Medical Center teaching hospital.
J Am Coll Cardiol 1997, 29:915-25.
Table 3: Treatments, transfer status, in-hospital events, and mortality
Variable Black (n = 680) White (n = 3529) P-value
Cardiac catheterization ≤ 30 days from admission 59% 57% 0.52
Percutaneous coronary intervention ≤ 12 hours from admission 8% 8% 0.80
Percutaneous coronary intervention ≤ 30 days from admission 32% 40% <0.0001
Drug eluting stent 7% 10% 0.024
Transfer to another hospital for percutaneous coronary intervention 8% 15% <0.0001
Coronary artery bypass graft surgery ≤ 30 days from admission 5% 8% 0.001
AMI Acute myocardial infarctionPublish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Health Services Research 2006, 6:107 http://www.biomedcentral.com/1472-6963/6/107
Page 6 of 6
(page number not for citation purposes)
5. Ferguson JA, Tierney WM, Westmoreland GR, Mamlin LA, Segar DS,
Eckert GJ, Zhou XH, Martin DK, Weinberger M: Examination of
racial differences in management of cardiovascular disease.
J Am Coll Cardiol 1997, 30:1707-13.
6. Sedlis SP, Fisher VJ, Tice D, Esposito R, Madmon L, Steinberg EH:
Racial differences in the performance of invasive cardiac pro-
cedures in a Department of Veterans Affairs Medical Center.
J Clin Epidemiol 1997, 50:899-901.
7. Peniston RL, Lu DY, Papademetriou V, Fletcher RD: Severity of cor-
onary artery disease in black and white male veterans and
the likelihood of revascularization.  Am Heart J 2000, 139:840-7.
8. Groeneveld PW, Laufer SB, Garber AM: Technology diffusion,
hospital variation, and racial disparities among elderly Medi-
care beneficiaries: 1989–2000.  Med Care 2005, 43:320-9.
9. Maynard C, Chapko M: Data resources in the Department of
Veterans Affairs.  Diabetes Care 2004, 27:B22-B26.
10. Vaccarino V, Rathore SS, Wenger NK, Frederick PD, Abramson JL,
Barron HV, Manhapra A, Mallik S, Krumholz HM: Sex and race dif-
ferences in the management of acute myocardial infarction,
1994 through 2002.  N Engl J Med 2005, 353:671-682.
11. Kressin NR, Chang BH, Whittle J, Peterson ED, Clark JA, Rosen AK,
Orner MB, Collins TC, Alley LG, Petersen LA: Racial disparities in
cardiac catheterization as a function of patient perspectives.
Am J Public Health 94:2091-2097.
12. Whittle J, Kressin NR, Peterson ED, Orner MB, Glickman M, Mazzella
M, Petersen LA: Racial differences in the prevalence of coro-
nary obstructions among men with positive nuclear imaging
studies.  J Am Coll Cardiol 2006, 47:2034-2041.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1472-6963/6/107/pre
pub